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METHOD , EQUIPMENT , AND MATERIAL FOR CREATING A SURFACE ON A 
METAL 

The present invention relates to a method for surface treating 
5 the surface of a metal, in which the surface treatment is 
performed in a surfacing chamber, using a surfacing material, 
which is formed of one or more compounds and possible addi- 
tives, and in which 

- the surfacing material is brought to a principally 
10 gaseous state, 

- the surfacing material is led to the chamber, and 

- the surfacing material is permitted to react with 
the metal surface being treated. 

In addition, the invention also relates to the equipment and 
15 surfacing material used in the method. 

Many metals need to be surfaced in order to be applied to 
various purposes of use. Numerous surfacing materials and 
methods for arranging these are known. A few examples of these 

20 that can be mentioned include surfacing metals with other 
metals, with rubber-based substances, and with paints using 
various painting methods. In addition to the above, methods and 
surfacing materials used in them ar.e also known, which attempt 
to exploit the electrochemical properties between the surface 

25 to be treated and the surfacing material . 

Though most of the metal surfacing materials and the methods 
based on them will indeed achieve the desired end result, the 
surfacing is then also expensive. Factors associated with the 
30 size of the pieces to be surfaced often also limit the use of 
these methods. In many cases, the temperature of the piece to 
be surfaced must be brought to such a high level as to even 
make the surfacing impossible in practice. 

35 Many methods for surfacing a metal with a metal are only 
suitable for being carried out in permanent plants, thus 
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limiting, for example, the size of the pieces being treated and 
increasing transport costs. In addition, in certain cases some 
of the metal surfacing materials may lead to problems, for 
example, in processes related to the recycling of the metal. In 
5 many cases, the use of the various rubber and plastic 
surfacings is limited while they are often also expensive. 

The most widely used metal surfacings are the various paints 
that are spread using very many different techniques. There are 

10 also many problematic aspects relating to painting. The 
difficulty of getting the paint layer into cramped and complex 
structures must be regarded as one of the most important of 
these. In such cases, if the paint layer is either too thin, or 
is entirely lacking in even small parts of the structure, 

15 corrosion damage can start and lead to structural damage. 
Another very common problem is the paint being knocked or 
scratched off the surface of the metal, which will also cause 
corrosion damage to start. 

20 For the above reasons, the paint layer must often be repaired 
or even entirely renewed, sometimes at very short intervals. 
The removal of the previous paint layer, the repair of possible 
corrosion damage, and the spreading of new layer of paint 
demands time and leads to expenses. 

25 

Further, when using all of the aforementioned methods, clean- 
ing, in which dirt and grease are removed, must be carried out 
on the metal surface prior to the surfacing treatment. If there 
is, for example, mill scale on the surface, pickling treatment 
30 is then becomes practically indispensable. 

EP patent publication 0 193 419 (Fairchild Semiconductor 
Corporation) discloses vapour surfacing that is carried out at 
low pressure. The surfacing material used in the method is 
35 brought to the process in a solid state. The pressure and flow 
of the gas flow to the surfacing chamber are regulated with the 
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aid of valves, nozzles , and a special cold condensed system 
arranged in a loop of the feed line, as well as a vacuum 
booster pump. However, the disclosed method and apparatus are 
difficult to arrange, for example, as a mobile unit and 
5 particularly the treatment of large surfacing objects demands 
large chamber structures. In addition, the vaporization 
apparatus must be arranged in a relatively large furnace, which 
must be kept at a higher temperature than that of the actual 
vaporization apparatus. 

10 

The present invention is intended to create a method and 
equipment and a material in connection with it, by means of 
which the aforesaid drawbacks can be reduced significantly, or 
even entirely eliminated and which will achieve a way of create 
15 surfacing of metal surfaces that is in all respects advanta- 
geous. 

The characteristic features of the method according to the 
invention are stated in Claim 1, and those of the corresponding 
20 equipment in Claim 8 while those of the surfacing material are 
stated in Claim 12. 

With the aid of the method and surfacing material according to 
the invention, a surfacing is created, which has great perma- 

25 nence and is resistant to scratching and knocks and will not 
easily detach from the undersurf ace . The corresponding surfac- 
ing equipment can be easily moved and assembled. Thus, surfac- 
ing does not necessarily require permanent plants, thus 
allowing even large pieces to be surfaced, for example, in 

30 field conditions. Besides the size of the piece being surfaced, 
factors related to its shape also do not limit the successful 
creation of a surface. 

A particular advantage of the method and surfacing material 
35 according to the invention can be regarded as being the fact 
that the tar that arises in dry distillation of deciduous-wood 
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can be used as a raw material for the surfacing material. As is 
known, there are practically no commercial uses for deciduous- 
wood tar and its distillates, which are instead generally 
burned in a mixture with a supplementary fuel during the 
5 carbonization process of the wood material. 

According to a first embodiment, the deciduous-wood tar can be 
brought into contact with the surfacing object as fractions in 
different states, from which the gas mixture arising in the 
10 real dry distillation process is assembled. According to a 
second embodiment, the dry distillation process can also be 
carried out in connection with the surfacing application. 

The other features characterizing the invention will be 
15 apparent from the accompanying Claims while other advantages 
achieved by the invention are stated in greater detail in the 
description portion. 

The method, equipment, and surfacing material according to the 
20 invention, which are in no way restricted by the embodiments 
presented in the following, are examined in greater detail with 
reference to the accompanying drawings, in which 

Figure 1 shows a first embodiment of the method and 

25 equipment according to the invention and 

Figure 2 shows a second embodiment of the method and 

equipment according to the invention. 

Figure 1 shows a first embodiment of the method and equipment 
30 according to the invention, for surfacing metal pieces. 
According to the invention, the method is particularly suitable 
for the anti-corrosive surfacing of carbon steels, through 
other surfacing applications are also possible. It should be 
noted that the following figures only attempt to illustrate the 
35 method and equipment according to the invention on a schematic 
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level , so that the equipment constructions suitable for use in 
reality may be of a many different kinds. 

In the method according to the invention, tar is used as the 
5 surfacing material and preferably originates from a dry 
distillation process (retort carbonization) of deciduous wood, 
such as birch or alder, carried out without air, or in substan- 
tially limited air content. The surfacing material is charac- 
terized by its high level of acidity, its pH value being, for 

10 example, in the order of 2. The surfacing treatment thus 
essentially corresponds to acid treatment, and partly for this 
reason can even be carried out directly on dirty and greasy 
surfaces ll 1 , 28', without requiring special cleaning measures . 
Further, it also becomes possible, for example, to treat a 

15 metal surface coated with mill scale, without the separate 
pickling measures conventionally required for such a surface 
ll f , 28'. 

According to a first embodiment, the surfacing material can be 
20 brought to the surfacing application as separate compounds, all 
of which arise in the dry distillation process of deciduous 
wood. In this case, the surfacing application can be understood 
extremely widely. Examples include engineering workshops, 
shipyards, building sites, and industrial plants (such as car 
25 factories) manufacturing metal serial products. 

Compounds can be divided according to their state into at least 
two fractions; that is, a liquid fraction and a gaseous 
fraction. A solids fraction is also possible for making the 

30 compounds arising in the dry distillation process into a 
surfacing material. The substances and compounds belonging to 
each fraction are defined on the basis of their gasification 
temperatures and they are partly then also affected by the 
ambient variables of the surfacing application, such as, for 

35 example, the temperature and pressure conditions. Thus, 
according to the first embodiment of the method, the surfacing 
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material is formed by bringing these compounds into a mainly 
gaseous state and mixing them together in a known ratio, so 
that the end result obtained will be a corresponding gas 
mixture 10, which also essentially arises in a real dry 
5 distillation process of deciduous-wood. 

The equipment includes heat devices, such as, for example, a 
gasification chamber 14 equipped with electrical resistances 

13, in which, according to the first embodiment, a liquid 
10 fraction BIRCH-TAR (1) of the surfacing material is arranged. 

This liquid fraction of the liquid compounds in deciduous-wood 
tar is thus characterized by being in a liquid state at the 
temperature and pressure of the surfacing application. Examples 
of the compounds belonging to the fraction include various 

15 acids, such as acetic acid and fatty acids, as well as waxes 
and also free alcohols (for example, methanol) and phenol 
compounds. Further, water H 2 0 (1), which can, however, be added 
as its own component to the gasification chamber 14 through a 
connection 28 from a reservoir 26 using a pump 27, can also be 

20 regarded as one of these compounds. Thus, in connection with 
the dry distillation process, the water is removed from the tar 
fraction BIRCH-TAR (1) supplied to the surfacing application in 
a liquid state, so that its volume can be significantly 
reduced. Water accounting for as much as a total of 30 % of the 

25 entire product can form in the dry distillation process. 

In the gasification chamber 14, a temperature sensor Ti lf for 
which a signal line 12 is arranged to the control centre CTRL, 
is installed to control the gasification of the liquid fraction 
30 BIRCH-TAR (1) . In the upper part of the gasification chamber 

14, there is a connection 15, to which the first end of the 
surf acing-material feed line 16 is connected. 

At the opposite end to the first end the feed piping 16 is 
35 connected to a connection 17 arranged for it in the gasifica- 
tion chamber 33. The feed piping 16 can have several branches 
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and can include valves 18 , 22 and connections 19.1, 19.2 for 
closing the various branch lines 20. 1, 20.2, or for connecting 
them to the main line leading to * the surfacing chamber 33. 
Further, the feed piping 16 can be isolated, or there can be 
5 heating devices connected to it, by means of which the gaseous 
surfacing material 10 is prevented from condensing while being 
transferred to the treatment chamber 33 (not shown) . 

In the aforesaid first embodiment imitating a dry distillation 

10 process of deciduous-wood, a reservoir 25, in which the gaseous 
fraction of the surfacing material 10 is stored, is connected 
to at least one of the branches 20.1 of the feed piping 16. 
This fraction is thus characterized by its constituents being 
uncondensed in the ambient conditions of the operation of the 

15 surfacing application, or at least essentially in its vicinity 
(NTP conditions), being in essentially a gaseous state and thus 
being difficult to liquidize without special liquidization 
devices. Examples of the said substances and compounds, of the 
surfacing material 10 according to the invention, belonging to 

20 the said gaseous fraction, are carbon monoxide (CO) , hydrogen 
(H 2 ) , volatile hydrocarbons (such as methane, terpenes) , and 
carbon dioxide (C0 2 ) , which arise in connection with the dry 
distillation of deciduous wood. In addition to these, the gas 
fraction can also include other substances. Each of the 

25 compounds can have its own reservoir and branch line for 
connecting them to the main line of the feed piping 16, or else 
they can also be ready mixed with each other in common reser- 
voirs 25, in ratios according to the proportions arising in a 
real dry distillation process. 

30 

The equipment includes a scavenging^agent unit 24, connected to 
the main feed line, after the valve 18 after the gasification 
chamber 14, the branch line 20.2 of which includes a pump 21.2 
connected to the control unit CTRL and a scavenging-agent valve 
35 22. The scavenging agent can be, for example, water vapour 
H 2 0(g) . Other compounds can also be dissolved in water (H z O) , in 
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order to neutralize the surface being treated. In the 
scavenging-agent unit 24, there are also heating devices 23 , 
connected to the control centre CTRL, in order to form the 
water vapour H 2 0(g). 

5 

Further, the equipment includes the said control centre CTRL, 
which is assembled from automation" and logic components that 
are obvious to one versed in the art, and which can be pro- 
grammed, in order to create a process of the desired type. The 

10 control centre CTRL is responsible for receiving and monitoring 
the measured process quantities, and for the process adjust- 
ments made on their basis. The control centre CTRL is also used 
to control the equipment's said valves 18, 22, pumps 21.1, 
21.2, 27, 30 and other devices not referred to here, but which 

15 will be obvious to one versed in the art. 

A through flow is arranged in the surfacing chamber 33. The 
through-flow effect creates conditions, in which the gaseous 
surfacing material 10 flowing through the chamber 33 scavenges 

20 the surface ll 1 of the piece of metal 11 being surfaced. In 
pilot-stage tests, it has been observed that the through flow 
is of essential importance for the success of the surface 
treatment according to the invention. For the through flow, the 
chamber 33 has one or more exhaust connections 2 9, through 

25 which the surfacing gas 10 is removed from the chamber 33. 
There may also be pumping 30 in the exhaust lines, boosting the 
through flow of the gas 10. The surfacing chamber 33 is 
otherwise preferably arranged to be as tight as possible, so 
that the amount of the through flow can be regulated through 

30 the exhaust connection 29. Condensation can be arranged for the 
gas 10 flowing through, from which its easily liquidizing 
fractions can be collected for storage and then for possible 
reuse. There can also be devices and stores for the collection 
of gaseous fractions that are difficult to liquidize (not 

35 shown) . 
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The surfacing chamber 33 can also be insulated with insulation 

32 and possible heating devices, such as, for example, electri- 
cal resistances 31, or pipes in which some heating liquid 
circulates, can be arranged in its walls. The heating is used 

5 to prevent possible condensation of the gaseous surfacing 
material 10 to the surfaces of the chamber 33. The intention is 
to keep the temperature of the walls of the surfacing chamber 

33 above 220 °C and in the chamber 33 to above 200 °C. The 
pressure conditions can correspond to the atmospheric pressure. 

10 Further, the chamber 33 can include condensate collection 
means, for possible condensate (not shown) . 

The process conditions of the surfacing chamber 33 are moni- 
tored by temperature and humidity sensors Ti 2 , Rh, connected to 
15 the control unit CTRL. 

The use of the surfacing material 10 according to the invention 
is based on the important observation made by the applicant 
that the gaseous phase of deciduous-wood tar has, together with 

20 possible solid particles, the property of reacting, in a 
suitable gaseous atmosphere, with the free electrons on the 
surface 11 f of metals and binding extremely strongly to its 
base. One versed in the art will know this type of process as 
also gaseous-phase growth. In addition to the aforementioned 

25 deciduous-wood components, some inert noble gas can be mixed 
with the surface-treatment gas, in order to prevent oxidation 
and carbon loss. Some, but in no way restrictive, examples of 
such gases are argon Ar, xenon Xe, and helium He (not shown) . 

30 The formation of a carbide matrix on a composite base can be 
referred to as yet a further explanatory phenomenon of the 
surfacing method according to the invention. In pilot-stage 
research, this phenomenon has been shown to be significant, in, 
for instance, the formation of extreme hardness in an object 

35 being surfaced. It has not been possible to completely outline 
an exhaustive description of the phenomena of the actual 
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surfacing event, at least at this pilot research stage, but the 
practicability of the method based on the natural product 
according to the invention has, however, been demonstrated 
experimentally . 

5 

Analyses carried out on the preliminary research results 
obtained in the pilot stage suggest that catalysis and/or 
certain types, of polymerization processes relating to the 
metals on the surface may be involved. According to some 

10 analysis results, the surfacing may form as a type of two-layer 
structure, in which the lower would be, among other things, a 
matrix structure based on carbon and the top layer a (silicon) 
carbide-oxygen-carbon matrix. According to data obtained from 
the preliminary research results, the flow/temperature condi- 

15 tions appear to have an extensive effect on the progress of the 
process and on the formation of the layers. In addition, it has 
also been possible to make the surprising observation from the 
research results, that generally the PAH compounds, such as 
benzene, that typically arise in connection with pyrolysis 

20 processes, do not, however, combine to any significant extent 
with the surfacing or the surface being treated, so that the 
method according to the invention appears at least in this 
respect to be also environmentally and health-friendly. 

25 The following describes the operation of the method and 
equipment according to the invention. Deciduous-wood tar BIRCH- 
TAR ( 1 ) , which is fed to the gasification chamber 14 in a liquid 
state, in conditions specific to the operation environment of 
the surfacing application, is gasified by raiding the tempera- 

30 ture of the chamber 14 to a preset value. In order that the 
compound used as the surfacing material 10 corresponds as 
genuinely as possible to the mixture of compounds arising in 
dry distillation of deciduous-wood, one or more substances or 
compounds in a solid state can be added to it. The solid 

35 constituents can be dissolved, for example, in a suitable 
amount of tar and added to the gasification chamber 14 prior to 
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commencing the gasification. The function of the solid or 
powdered dry component is to provide the surfacing material 10 
with the constituents, such as minerals, oxides, and carbides, 
for example, that also arise in a real dry distillation 
5 process. 

The gas BIRCH-TAR (g) is led to the main feed piping, in which 
at least one of the compounds CO, H 2 , C0 2 , which arise in dry 
distillation of deciduous-wood, or in similar conditions, and 
10 which is already in a gaseous state in the operation conditions 
of the surfacing- application, is added to it from one or more 
storage units 25 in a set ratio. The gas mixture can also be 
created by placing deciduous wood among the material being 
gasified (not shown) . 

15 

The gas mixture 10 obtained, which corresponds essentially to 
the combination of substances arising in dry distillation of 
deciduous-wood, is led to the surfacing chamber 33, in which 
the piece 11 intended for surfacing is placed. The gas mixture 

20 condenses on the surface 11 1 to be surfaced and reacts accord- 
ing to the principles described above. Once the surfacing has 
continued for a specific time, the surface 11' begins to reject 
the condensate. At this stage, the surfacing material valve 18 
is closed and intermediate scavenging is performed by leading 

25 a scavenging gas H 2 0(g) to the main feed line from the scaveng- 
ing unit 24. 

The surfacing layer is grown by carrying out the drying 
intermediate scavenging using the scavenging gas H 2 0(g) and 

30 repeating the surfacing gassing a sufficient number of times. 
If surfacing with the desired properties is achieved already 
with the first surfacing session, it will then be possible to 
avoid the temperature-raising stages that are performed 
separately and which would relate to each separate surfacing 

35 session. Once the surfacing conforms to the set criterion, the 
process is terminated with a final scavenging of sufficient 
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duration. The set criterion can be defined, once the process 
conditions are know, for example, by calculation, or also by 
relying on experiential data. In the surfacing tests made in 
the pilot stage, 500 seconds was a suitable surfacing time for 
5 a 100-gramme test piece. 50 microns can be given as an example 
of the average thickness of the surfacing formed. 

The surfacing time can also be adjusted in quite many ways. In 
test runs, it has been observed that using a slow increase in 

10 temperature, particularly in the temperature range of the 
actual surfacing process, will give a somewhat better surfacing 
result than using a rapid increase in temperature. Thus, by 
reducing the angle coefficient of the time-temperature curve, 
better results are achieved, at least up to a certain limit. In 

15 addition, the observation could also be made, that pickling 
occurs at the initial temperatures of the actual surfacing 
process and thereafter, or partly already at that time a 
polymerizing-type surface would be formed in a certain manner, 
as previously explained. 

20 

According to yet another preferred embodiment, when, for 
example, it is difficult for the surfacing material 10 to reach 
the surface ll 1 to be surfaced (for example, in the case of 
uneven and complicated structures), opposite potentials can be 
25 created electrically in the gasified surfacing material 10 and 
the surface 11 f to be surfaced. This will assist the surfacing 
gas mixture 10 to reach inaccessible places. 

Figure 2 shows a second embodiment of the method and equipment 
30 according to the invention. In this case, the surfacing 
material 10 is formed essentially in connection with the 
surfacing application. Deciduous wood, such as, for example 
birch BIRCH (s), is arranged in a carbonizing retort, which is 
heated under the control of the control centre CTRL, for 
35 example, using a fire-tube arrangement 13', H or in some other 
manner known to one versed in the art. In the exothermic stage 
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of the carbonization (temperature above 220 °C) , a powerful 
release of heat commences. The ignition of the pyroligneous 
acid, which has already started, continues, the ignition of the 
tar commences, and the release of gaseous hydrocarbons and 
5 hydrogen starts. It should be stated that the arrangement of 
the dry distillation process is, as such, a technique that will 
be obvious to one versed in the art, and no further explanation 
of it is, regarded as necessary in this connection. The surfac- 
ing material 10, which arises in a gaseous state, is led to the 
10 surface treatment chamber, in which it reacts with the surface 
28 1 being treated, according to the principles described above. 

This example also shows an embodiment, in which the surfaced 
28 1 being treated forms part of the wall of the surfacing 

15 chamber 33. The distance of the wall from the object being 
surfaced can be adjusted depending, for example, on the surface 
area of the nozzles discharging the surfacing material onto the 
object. An example of such a wall is the hull of a ship. 
Another example of a surfacing application, in which the wall 

20 of the surfacing chamber can also be the surface being sur- 
faced, is the surfacing of pipes (not shown). The wall 28 1 
being surfaced can also be charged electrically with a poten- 
tial opposite to that of the surfacing material 10 while some 
type of heating, such as induction heating, can be applied to 

25 it. 

Yet another important feature that can be mentioned is the fact 
that the surfacing chamber 33 can preferably be formed of, for 
example, some elastic material. It can then be shaped by 
30 bending to conform to the shape 28 f for the surface being 
treated. 

Further, the surfacing chamber 33 can be arranged to move of 
guides, so that it can be moved from the surfacing application 
35 that has already been complete, by a distance corresponding to 
its size, horizontally or vertically, and continue the treat- 
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ment from a point adjacent to the treated surface. The effec- 
tive, economical, and easy surface treatment of really large 
and difficult pieces (for example, bridges, buildings, towers, 
masts) will then become possible. 

5 

The walls of the surfacing chamber 33 can be easily assembled 
from prefabricated pieces, thus also permitting flexible 
changes in size to be made to it. Effective surfacing equipment 
for field conditions is created by placing the equipment in the 
10 necessary vehicle and the surfacing chamber 33, for example, in 
the loader of a machine (not shown) . 

Still referring to the example of equipment shown in Figure 1, 
it is also possible to disclose such an embodiment, in which 

15 the surfacing chamber 33 and the gasification chamber 14 are 
arranged one inside the other. Thus, the gasification chamber 
14 can be inside the surfacing chamber 33. The upper wall of 
the gasification chamber 14 can now be perforated and will 
correspond operationally to the feed piping 16 referred to in 

20 the aforementioned embodiments. The actual piece 11 being 
surfaced can then be on top of the perforated upper wall. The 
embodiment of the equipment shown in Figure 1 appears, however, 
to be more practicable in production use. 

25 The use of the method and surfacing material according to the 
invention will increase the profitability of the manufacture of 
charcoal. This will, in turn, promote the use of first 
thinnings of trees and, in turn, also first thinning. In 
addition to the birch and alder referred to above, other 

30 possible deciduous trees that can be used as raw material can 
include aspen, poplar, oak, and hickory, as chip waste, wood- 
chips, and similar wood waste etc. In the case of certain 
species of tree (for example, alder), it is surprisingly 
possible to even use rotten wood to obtain the desired kind of 

35 surfacing effect. 



WO 2004/027105 



PCT/FI2003/000624 



15 

The end result is a surfacing that is attached very securely to 
its base, and which can be either a base or a final surfacing. 
The surfacing will resist conventional solvents and will not 
flake. The surface is in no way particularly slippery, but in 
5 a sliding contact it will slip without, however, being damaged. 
This is a particularly advantageous property, for example, in 
the case of the surfacing of tools. 

The above description and the related figures must be under- 
10 stood as being only intended to illustrate the present inven- 
tion. Thus, the invention is in no way restricted to the 
embodiments described above or stated in the Claims, but many 
different variations and adaptations of the invention, which 
are possible within the scope of the inventive idea defined by 
15 the accompanying Claims, will be obvious to one versed in the 
art. 



